Using the lane change task (LCt) a comparison of driving performance was made between normal (baseline) driving, driving whilst using an in-vehicle information system (IVIS) and driving while intoxicated at the UK blood alcohol level (80 mg per 100 ml). the results provided clear evidence for impaired performance of the LCt when performing an IVIS task in comparison to both baseline (LCt alone) and alcohol conditions. However, the LCt was found to be insensitive to the effects of alcohol in the absence of a secondary task. It is concluded that LCt performance can be impaired more when undertaking certain IVIS tasks than by having a blood alcohol level at the UK legal limit but the LCt requires further development before it can be used as a convincing proxy for the driving task.
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Introduction
Driving is a complex, multi-task activity undertaken by a large proportion of the adult population in many developed countries. High levels of attention and vigilance are required to prevent incidents that may have fatal consequences. a realistic estimate of global road fatalities is between 750,000 and 888,000 for the year 1999 (aeron-thomas et al., 2000) with driver error widely accepted as a major contributory factor (treat et al. 1979) . Many safety interventions have been successfully implemented to reduce the crash rate and the injury consequences of crashes, with the majority involving engineering, regulation and driver education.
The ICT revolution first impacted on road transport with the introduction of in-vehicle information systems (IVIS), systems intended to support drivers by providing information relevant to the task of driving. More recently, advanced driver assistance systems (aDaS) have been implemented that are capable of providing continuing or critical incident support to the driver. In both cases, concerns about increased task demand have been raised by human factors engineers. the risk with respect to IVIS systems is perceived as being particularly acute as the introduction of an additional information display or secondary task in a vehicle may result in driver distraction and thus increase the risk of an incident. the development of methods capable of assessing driver performance under dual task conditions (driving and interacting with an IVIS system) has been recognised as critical to the development of IVIS systems that can be used successfully and safely by drivers. this chapter presents an attempt to provide a performance baseline for an assessment measure that would enable experimental results to be considered in a "real world" context.
The need to find a criterion for acceptable driving performance when drivers are using IVIS is an important one. the lane change task (LCt; Mattes and Hallén 2009 ) is one of the growing number of methods developed to quantify driving performance degradation brought about by the use of in-vehicle devices (Young et al. 2011 ; see also Chapter 13 in this volume). the LCt is a laboratory-based, combined control and event detection measure based on the dual task paradigm. It is a PC-hosted driving simulation that requires participants to maintain control of a virtual vehicle and respond to on-screen instructions. the dual task paradigm proposes that primary task performance will degrade with the introduction of a secondary task. In this case LCt performance can be viewed as the primary task and it is designed to be analogous to the driving task.
the LCt has been used widely to assess driving performance with concurrent use of a range of in-vehicle information systems (IVIS) which provide information that supports primary driving tasks (e.g., navigation), as well as aDaS that directly support the primary driving task (Burns et al. 2005 , Engström and Markkula 2007 , Harbluk et al. 2007 , Bruyas et al. 2008 , Wilschut et al. 2008 , Wynn and richardson 2008 , Mattes and Hallén 2009 , Harbluk et al. 2009 , Wynn et al. 2009 , Young et al. 2011 .
as the number of studies using the lane change task increases, it is important to know what the results mean in the wider context of the driving environment, as poor performance on the LCt does not necessarily equate to unsafe performance when driving on the highway. a comparison to a widely accepted safety criterion such as blood alcohol concentration (BaC) would provide a context in which to place these results. However, as note, "it has been conspicuously difficult to bridge between theoretical and empirical findings to develop safety criterion regarding acceptable in-transit human interface interactions".
an acceptable risk threshold can be assessed in relative terms by comparing the effects on driving performance of IVIS use to the effects of other common risk factors (e.g., alcohol intoxication), as the risk imposed by these legislated limits can be considered a baseline of "sanctioned risk"; that is, that which has been defined as morally acceptable by wider society (Rakauskas and Ward 2005) . Driving with a blood alcohol concentration at the legal limit is an established indicator of increased risk of accident involvement. It is widely accepted that driving performance whilst under the influence of alcohol is impaired and, as such, legislation commonly exists that prohibits driving when above a given blood alcohol concentration (BaC). the same is not true with regard to invehicle information systems, which are widely regarded as a potential cause of driver distraction. With the rapid uptake and use of new devices this is of increasing concern to policy developers and regulators and as such is becoming a focus of current research efforts.
Alcohol and driving
the effects of alcohol on driving performance have been well established in the research literature. the seminal "Grand rapids" study (Borkenstein et al. 1964 ) established a risk function relating alcohol consumption and accident risk that has resulted in a range of international legislative responses; in the USa, Canada and the UK the legal limit is a BaC of 0.08 per cent; australia, France, Germany and Italy 0.05 per cent; and Norway and Sweden 0.02 per cent. Impairments of simulated driving performance have been demonstrated even at modest blood alcohol concentrations. arnedt et al. (2001) have identified the acute impairments of alcohol in a simulated environment. Noting a dose-dependent relationship between alcohol and performance degradation of psychomotor performance, impairment of both tracking variability and an increased number of off-road incidents were observed. Other effects of alcohol on driving performance in a driving simulator have also been observed: decreased steering ability (Dott and McKelvey 1977) ; increased speed variability (Gawron and ranney 1988) ; increased standard deviation of lateral position (Lenné et al. 2003) ; reaction time increases (Zwahlen 1976 , Laurell 1977 ; and greater brake reaction time and body sway (Liguori and robinson 2001) . the effects of low doses of alcohol on cognitive performance which have been found include significant impairments of divided attention, and immediate and delayed free recall; however, no impairment of word recognition was observed despite delays in reaction time to the words (Parks et al. 2002) . Other cognitive effects of alcohol include impaired response inhibition Vogel-Sprott 1999, 2000) , restricted focus of attention (Steele and Josephs 1990) and risk perception (Frick et al. 2000) . Lenné et al. (1997) suggest a note of caution regarding the use of driving simulators to assess the impairment of driving performance by alcohol in that degradation of psychomotor performance occurs more rapidly in a simulated environment in comparison with real task performance. although the degree of impairment is dose-related, it is not identical or linear for all behaviours. Behavioural skills requiring cognitive functioning suffer the greatest impairment.
Driving and mobile phone use
In the UK, legislation regarding the use of hand-held mobile phones while driving prohibits drivers from using any "device, other than a two way radio, which performs an interactive communication function by transmitting and receiving data" (the road Vehicles (Construction and Use) (amendment) (No. 4) regulations 2003, paragraph 2), including hand-held mobile phones. this amendment was passed on the strength of research evidence (Burns et al. 2002) that suggests that driving while using a mobile phone is detrimental to performance of the driving task, so much so that performance is degraded to unsafe levels.
There is growing evidence for the influence of mobile phone usage on crash statistics, and a number of epidemiological studies have attempted to quantify this risk. Up to nine-fold increases in risk of fatality have been reported for drivers who use mobile phones while driving (Dragutinovic and twisk 2005 , Violanti and Marshall 1996 , Violanti 1998 , redelmeier and tibshirani 1997a , McEvoy et al. 2005 . Violanti and Marshall (1996) report that participants who spent more than 50 minutes per month talking on their mobile phones while driving were 5.59 times more likely to be involved in a road traffic accident than those who used their mobile phones less frequently. In addition, Violanti (1998) analysed 223,137 reported road crashes in the state of Oklahoma between 1992 and 1995 and found that the likelihood of fatality was approximately doubled (Or=2.11) by the presence of a mobile phone in the vehicle, in comparison with the risk for drivers with no mobile phone in their car. Drivers who reported using a mobile phone stood an approximate nine-fold risk of a fatality compared with drivers who did not use a phone (Or=9.29). Similarly, McEvoy et al. (2005) found a four-fold increased likelihood of crashing (Or = 4.1), irrespective of whether or not a hands-free device was used (hands-free: Or=3.8; hand-held: Or=4.9). Laberge-Nadau et al. (2003) examined the relationship between mobile phone use and road crashes by analysing 36,078 responses to a postal questionnaire about driving behaviour, 1 in comparison with mobile phone activity (provided by mobile service provider companies) and police reports for the previous four years. results suggest that the relative risk for all collisions is 38 per cent higher for mobile phone users. When taking into account potentially confounding variables (kilometres driven, driving habits, educational level, listening to and adjusting the radio, CD player etc.), the adjusted relative risk for all collisions was 1.11 for male phone users and 1.21 for female phone users compared with non-users. Furthermore, there was a dose-response relationship between the frequency of mobile phone use and crash risks. the adjusted relative risks for heavy users were at least double (Or = 2.21 for those making 193-258 calls per month, 2.73 for those making 259-384 calls and 2.42 for those making more than 385 calls per month) compared with those making minimal use of mobile phones. Light mobile phone users were found to have similar collision rates as non-users.
talking on a mobile phone is distinctly more risky than listening to the radio, talking to passengers and other activities commonly occurring in vehicles (redelmeier and tibshirani 2001). Conversational phone use seriously impairs a driver's ability to perform basic driving manoeuvres such as changing lanes and adapting speed (McKnight and McKnight 1993, Hancock et al. 2003) . Performance of the driving task while simultaneously using a mobile phone becomes increasingly difficult as speed increases (Shinar et al. 2005) . Calls close to the time of the collision were particularly hazardous: the relative risk was 4.8 for calls within five minutes before the collision, compared with 1.3 for calls more than 15 minutes before collision (redelmeier and tibshirani 1997a).
redelmeier and tibshirani (1997b) studied 699 drivers who had cellular telephones and who were involved in motor vehicle collisions resulting in substantial property damage but no personal injury, who reported to the North York Collision reporting Centre between 1 July 1994 and 31 august 1995. the mobile phone records of each participant were analysed for activity on both the day of their accident and the preceding seven days, with particular attention to the time, duration and direction (incoming or outgoing) of each call. It was found that the "relative risk" of having a car accident is increased four-fold when a mobile phone is present. the relative risk of accident involvement is similar to the level of risk associated with driving with a BaC at the legal alcohol limit (BaC 0.08 per cent); however, the relative risk of a collision is considerably higher when driving with a BaC above the legal limit. (Simpson, 1985 , suggests a ten-fold increase in relative risk with a BaC 50 per cent above the legal limit.) Furthermore, it is often noted that the effects of phone-related distraction are episodic whereas alcohol intoxication can be extended. rakauskas and Ward (2005) aimed to assess the relative risk of impairment resulting from mobile phone usage compared with the impairment caused by driving with a BaC of 0.08 per cent. Using a motion-base advanced driving simulator and a car-following task they found that driving performance while talking on a mobile phone was consistently worse than baseline performance (driving with no secondary task). Notably, sober drivers interacting with IVIS tasks were often more impaired than intoxicated drivers driving without performing a secondary task. they reported significantly higher headway variability and speed coherence in both in-vehicle task (prompted HVaC and radio adjustment) and cell phone task conditions compared with a baseline condition. Burns et al. (2002) attempted to benchmark the impairment of both hands-free and handheld phone conversation to alcohol intoxication at the UK legal limit (alcohol was individually determined for participants using the Widmark factor (Widmark 1932 , Watson et al. 1981 . twenty participants drove a 15 km route in the trL advanced driving simulator. there were four conditions -control (no talking, just driving), alcohol (no talking, driving with alcohol), hand-held (HH) conversation and hands-free (HF) conversation. the phone conversation task consisted of questions from the rosenbaum Verbal Cognitive test Battery (Waugh at al. 2000 ) that measures judgement, flexible thinking and response times. The test consists of 30 sentence memory tasks and 30 verbal puzzle tasks. results showed that performance when driving while intoxicated at around the legal limit was significantly worse than baseline driving performance.
Poorest performance, however, was on measures of driving behaviour (speed, control and response time) when participants were engaged in the mobile phone conversation tasks (talking and listening but not dialling); HH conversation was significantly worse than HF. For example, the root mean square (rMS) error at 60 mph on curves, a measure of lateral position consistency, was significantly higher in the HH condition than in the control and HF conditions. Mean speed was significantly slower in the HH condition than in the alcohol condition. The standard deviation of speed was not significantly different for driving on the straight; however, when navigating curves, the HH group showed significantly greater variation than the control or HF condition.
Lane-keeping performance was not significantly different between groups, except for the part of the route that was dual carriageway, where the alcohol group performed significantly poorer than the control, HH and HF groups. Reaction times to the presence of road signs were significantly longer than in the control condition (12.4 per cent longer for alcohol, 26.5 per cent for HF and 45.9 per cent for HH). Within these data, reaction times were found to be significantly slower in the HH and HF conditions than in the control and alcohol conditions. Furthermore, misses and false alarms were also significantly more frequent in the HH and HF conditions than in the alcohol condition. Drivers also reported that it was easier to drive in the alcohol condition than to drive while using a phone. Overall, it was concluded that driving behaviour was more impaired during a phone conversation than by having a blood alcohol concentration at the UK legal limit (BaC 0.08 per cent).
Further comparisons of performance between intoxicated drivers and those using mobile phones were undertaken by Strayer et al. (2003) . they used a driving simulator to compare drivers' performance in a car following task in a number of conditions (baseline, mobile phone and alcohol intoxication). It was found that drivers in each of these conditions exhibited different driving profiles. Drivers in the cell phone condition exhibited 8.4 per cent slower reactions than the baseline group and compensated for this by driving 3.1 per cent slower, increasing their following distance by 4.4 per cent. Drivers in the alcohol condition demonstrated a more aggressive driving style; in comparison with the baseline condition their headways were 3.0 per cent shorter and their brake force was 23.4 per cent greater in response to an unexpected collision event. Controlling for time on task and driving difficulty, drivers talking on a mobile phone were more impaired, with respect to brake onset time and following distance, than drivers under the influence of alcohol.
Using a driving simulator, reed and robbins (2008) assessed the relative impairment of text messaging while driving on the performance of participants from the 17-25 years age group. they subsequently compared their results with those found in earlier trL studies; Sexton et al. (2002) , looking at the impact of cannabis and alcohol on driving; and Burns et al. (2002) , looking at alcohol and mobile phone use while driving. they found that reaction times to a visual stimulus, presented as a red bar above the carriageway, were 34.7 per cent greater when text messaging while driving. these reaction times were longer than those for alcohol (Burns et al. 2002; 12.4 per cent higher), cannabis (Sexton et al. 2000; 21 .0 per cent higher) and hands-free conversation (Burns et al. 2002; 26 .5 per cent higher), but less detrimental than using a mobile phone for hand-held conversations (Burns et al. 2002; 45.9 per cent higher). reed and robbins' (2008) participants drove more slowly in the text messaging condition; compared to a control condition mean speeds in unconstrained motorway driving were on average 6.3 per cent lower while text messaging. In comparison, in a study of mobile phone use (for voice) participants drove around 2.2 per cent slower when driving with their phone hands-free and 4.8 per cent slower when using their phone hand-held than a baseline condition (Burns et al. 2002) . However, greater speed reductions were observed when drivers were intoxicated with cannabis compared with a placebo condition (7.7 per cent; Sexton et al. 2000, 9 .1 per cent, Sexton et al. 2002) . It would seem likely that the reduction in speed observed in these studies reflects a desire to increase safety margins because of the selfperceived impairment and does not indicate a real safety improvement.
Quantifying distraction potential
a number of safety-critical principles regarding the time an IVIS task should take to complete have been proposed. the main guiding principle is the "15-second rule" proposed by the Society of automotive Engineers (SaE J2364 1998 . this proposal suggests that a task can be considered safe to undertake whilst driving when it takes 15 seconds or less to complete when executed without driving (static task time), given that there is a high correlation between task time, while driving, and total eyes-off-the-road time. If the task requires 15 seconds of continuous visual attention, it is likely to impede performance of the driving task and therefore pose a significant threat to safety (tijerina et al. 1998) . alternatively, Zwahlen et al. (1988) recommend that, for safety reasons, drivers should not be distracted from the driving task for more than two seconds. This is reflected in the European statement of principles (European Commission 2006), which recommends that a task should take no more than four glances, with maximum eye glance durations of two seconds (giving a total glance time of eight seconds). Similarly, the Society of automotive Engineers (SaE J2364 1998) recommends that the duration of a single glance away from the road scene while the vehicle is in motion should not exceed two seconds. In addition, the task completion should not require more than a total of 20 seconds of total eye glance time to the system display or controls.
Measures based on static task time can be criticised, as many of the proposed limits are somewhat arbitrary. Much of the evidence available supports maximum times well under the 15-second limit (Dingus 1988 , Campbell et al. 1997 , tijerina et al. 1998 , Green 1998 , tijerina et al. 2000 . In particular, the 15-second rule cannot be used to reliably predict the acceptability of a device, although it has been found to be effective at identifying the most distracting tasks. However, much of the evidence evaluating the diagnostic sensitivity of J2364 has concluded that, in general, the probability of accurately classifying unsafe performance is around chance level and, in this regard, the discrimination accuracy is comparable to far greater time limits (e.g., 30 or 45 seconds; Parkes and Hooijmeijer 2000). It is important to note that lower task time limits (< ten seconds) further reduce the distraction potential of IVIS, but may be too restrictive in terms of the tasks that would be allowed. It is for this reason that new metrics such as the occlusion technique and the LCt have been considered as replacement measures. a practical result of the 15-second rule is that most destination entry tasks will not be allowed in moving vehicles.
Currently, the major alternative approach to assessing the distraction potential of IVIS is the occlusion technique. the occlusion technique is designed to reproduce visual time-sharing between the road and IVIS devices (Goujon 2001) . the main apparatus used to run the occlusion method are PLatO goggles (portable liquid-crystal apparatus for tachioscopic occlusion; Milgram and van der Horst 1984) , the lenses of which can switch between transparent and opaque states on the passing of an electronic trigger signal, thus obstructing the view of participants within a matter of milliseconds. the key premise of the occlusion technique, when using it to evaluate IVIS tasks, is that the periods when participants' vision is occluded are representative of their glances to the road scene. ISO 16673 (2007) , the occlusion technical standard, specifies an evaluation procedure for the laboratory based assessment of in-vehicle systems involving a 1.5 s viewing procedure and 1.5 s occlusion period.
Using a task designed to meet the static criterion of a total task time of 15 seconds, Baumann et al. (2004) argued that the occlusion tool is an appropriate method for evaluating the safety of IVIS. the task involved the presentation of short text messages on a hand-held computer suitable for in-car use (containing the names of German highways). the texts were presented at a rate of three words per screen and each screen was presented for an occlusion period lasting 0.7 seconds. the participants were required to recall the names of the highways included in the text and answer questions regarding the content of the text message. Degradation in performance was observed in the occlusion condition where the task was interrupted at two-second intervals. around one third of answers in the occlusion condition were correct. Information presented during the interruption phase of the trial was lost and could not be recovered, making it difficult to complete the task. this illustrates that a task can meet Green's (1998) 15-second criteria but at the same time participants fail to complete the task within Zwahlen et al.'s (1988) requirement that each interaction with the system should take no more than two seconds. recommendations regarding acceptable values for un-occluded vision (total shutter open time, tSOt) have been made; however, research suggests that many driver support systems seriously exceed these (Baumann et al. 2004) .
there is limited research that has successfully established the validity of the visual occlusion technique as a measure of driver distraction. the research that does exist lacks consensus regarding the best means of achieving occlusion: on the length of the interval periods (Gelau et al. 2009 ); whether the occlusion and inspection intervals should be computer-or self-paced (rolle 2006) and if they should be fixed or variable (Altmann and Trafton 2002) ; the level of training given to participants ) and whether a distracter task is necessary during the occlusion interval to prevent participants from rehearsing their next move or operation during this period (Monk and Kidd 2007) .
It is important to recognise that key aspects of time-sharing are ignored by the occlusion technique . Participants are able to maintain their task goal state during the occluded periods without interference from another task. this is contrary to naturalistic driving where drivers perform several tasks while looking at the road, such as monitoring the road and traffic and looking for navigational cues. The technique therefore produces an estimate of performance that fails to account for any attentional cost when switching back and forth between two tasks. Therefore, it is difficult to know if participants are able to resume the IVIS task without any attention switching latency.
Furthermore, the occlusion technique does not take into account the interruptability of the task (Noy et al. 2004 , Chiang et al. 2004 , Pettitt et al. 2006 . the problem with assessments based on total glance time is that a high value implies that the task would be unsafe; however, a task that can be completed with multiple short glances will not affect performance in the same way as a task that can be completed quicker but requires much longer individual glances. For example, a task with a total glance time value of ten seconds comprising ten individual one second glances is more desirable than a task that takes five seconds to complete but comprises a single five second glance. Chiang et al. (2004) found that participants took longer than 15 seconds to complete a number of destination entry tasks; however, 92 per cent of all glances lasted less than two seconds, indicating that drivers can accommodate tasks that are user-paced and interruptible even if they exceed the prescribed 15-second limit.
The present study rather than relying on design principles such as the 15-second rule, an alternative approach is to make comparisons between IVIS impairment and the level of impairment that equates to an accepted safety-critical criterion, in this case alcohol. there is a long-standing legal precedent regarding the consumption of alcohol and driving. the same is not true with regard to in-vehicle information systems. the current study, using a comparable methodology to the study of Burns et al. (2002) , was intended to be a first step towards establishing a similar benchmark for IVIS devices. The purpose of this study was two-fold: firstly, it established the potential for distraction that may arise from the use of IVIS devices; and, secondly, it established a safety-critical value for the lane change task (LCt), above which performance can be considered unsafe and would be considered unacceptable. Without this process there is a difficulty in quantifying performance of the LCt. Currently the only LCt comparison undertaken is between dual-and single-task performance. this does not inform us as to whether the difference in performance is important and nor does it reveal whether IVIS will become a significant problem for drivers. Worse-than-normal driving when using IVIS devices does not necessarily mean that driving is dangerous.
It is reasonable to suggest, for reasons identified below, that the LCT method, a laboratorybased combined control and event detection metric, would be sensitive to the effects of both alcohol intoxication and IVIS use. We would expect mean deviation from the normative model (see Figure 15 .5) to increase in the alcohol condition, as participants' reaction times are likely to increase (Zwahlen 1976 , Laurell 1977 , Sexton et al. 2000 , Sexton et al. 2002 , Burns et al. 2002 , resulting in later lane changes. also, evidence regarding SDLP suggests that lateral control and course following become impaired when intoxicated by alcohol (Dott and McKelvey 1977 , arnedt et al. 2001 , Lennéet al. 2003 , Sexton et al. 2000 , Sexton et al. 2002 , Burns et al. 2002 , which would be likely to impede a driver's ability to follow the normative model and increase the level of deviation from this course.
Method

Participants
Fifteen participants (seven females; eight males) were selected at random from a volunteer database owned and managed by trL; a pool of 1,300 drivers that represent a cross-section of the UK driving population. Participants were required to have a full UK driving licence and normal or corrected vision. Participants with possible alcohol problems (identified by self-report) were excluded; however, participants were required to be regular consumers of alcohol. alcoholabstaining drivers have little or no tolerance to the effects of alcohol. In contrast, excessive drinkers are able to tolerate increased levels of alcohol in the body without demonstrating the outer symptoms associated with alcohol consumption such as loss of concentration, impaired vision, loss of balance etc. (Chesher and Greeley 1992) . Drivers drawn from either of these sub-groups would produce behaviour that was not representative of the majority of the driving population.
Participants were paid £30 for their involvement in this study. Due to the nature of this study they were also provided with transport to and from the experimental facility. Design a within-subjects "repeated measures" design was used with each subject completing each of the three conditions. this was a partly counterbalanced trial design, so that learning effects could be controlled for in the statistical analysis. the only condition that was not counterbalanced was the alcohol condition as it was impractical to wait for participants' BaC to return to zero before completing further sessions. the alcohol condition was, therefore, always the last part of the experiment.
Alcohol
Participants were required to drink an alcoholic beverage. the beverage comprised vodka (40 per cent) plus a disguising mixture (e.g., creamsoda) mixed using the adjusted Widmark formula (Watson et al. 1981 ) -so that participants become intoxicated at the legal limit (BaC 0.08 per cent) with the volume of the mixer adjusted to maintain a 20 per cent total volume. a breathalyser (Lion laboratories alcometer SD-400) was used to measure breath alcohol content (BraC), from which BaC can be estimated using Henry's law. Care must be taken to ensure that deep lung air rather than air from the upper respiratory tract is sampled, because this is the air that has been in contact with the blood. If the measurement is taken too soon after the participant has consumed their last drink, the reading would be artificially high due to residual alcohol in the mouth. It is recommended that at least 15-20 minutes elapses between the subject's last drink and the breath test (Emerson et al. 1980 ).
In-vehicle information systems (IVIS)
the IVIS used in this experiment was a Hewlett Packard iPaQ (PDa) and an eight-inch tFt LCD monitor running a popular satellite navigation system application and a bespoke data display application. These were situated on the desktop in a location that reflects their typical location in the vehicle cockpit (see Figure 15 .1).
Figure 15.1 Lane change task experimental paradigm
In the IVIS conditions participants were required to complete four LCt trials. Each of these trials was dedicated to one of four IVIS tasks; entering a destination by selecting a "point of interest" (POI) using the PDa; entering a destination via use of the "address" function using the PDa; and a scrolling share task (two levels), which comprised a three-letter stock code presented verbally which had to be located within a single-column scrolling display located on the vehicle dashboard. When participants had located the target stock code they were required to report the price located to the right of the code (Pettitt et al. 2005) . to increase the demands placed on the driver in terms of workload there was a second version of this task in which participants were required to locate a share price embedded within three columns of ten stock codes (see Figure 15 .2). this task is primarily a visual task. as such, it competes for resources with the visual elements of the driving task (e.g., event and obstacle detection, sign reading etc.). In terms of the LCt, the scrolling shares tasks compete for resources that would otherwise be dedicated to visual aspects of the LCt, including event detection. Horberry et al. (2007) evaluated the four IVIS tasks used here using expert opinion and "keystroke level model" task analysis (KLM; Pettitt et al. 2007) . the KLM technique involves breaking down the task into its basic actions, referred to as operators, which include key presses and hand movements. the total time taken by an expert performer can then be calculated, accounting for both mental and physical tasks ( of each task were identified. Table 15 .2 provides a summary of the expert review in terms of these factors with an aggregate score (positive minus negative features) calculated for each task. total task time (ttt) was calculated for each of the IVIS tasks. this serves both as a measure of the costs associated with performing the LCt and IVIS tasks concurrently, and as a comparison between other methods of quantifying the distraction potential of the IVIS tasks used. Lane change task the LCt requires participants to "drive" a 3,000 m long section of three-lane highway presented on the monitor of a desktop driving simulator (see Figure 15. 3). Participants are instructed by signs on the roadside (150 m apart) to perform a lane change manoeuvre (see Figure 15 .4). During this task participants are required to perform a specific secondary task. To avoid speed confounding the results it is controlled by the program and is kept at a constant 60 km/h. The illumination reflects daytime driving with a constant light level. Visual information is presented using an egocentric (front) view; no rear or side view information is presented. During a trial the LCt program automatically records data to the computer on which it is running. From this data the LCt analysis program can calculate a number of performance measures. these include mean deviation from the normative model (see Figure 15 .5), standard deviation from the normative model and mean steering angle, as well as time course and distance information to allow for standardisation of experimental runs. the normative model is an "ideal" path which assumes a centre lane position and a consistent lane change manoeuvre. the only parameters that are free to vary are the distance at which the lane change sign is displayed (onset) and the angle of deflection for the lane change. Default values were used in both cases in the current study. 
Procedure
Informed consent was sought from participants prior to commencement of the experiment. Upon giving consent participants were required to complete a health questionnaire to ensure that their participation was consistent with the study's ethical approval. all participants were breathalysed before the experiment started to ensure that they were not already intoxicated. Participants completed a practice session in order to familiarise themselves with the operation of the LCT simulator. This consisted of a maximum of five practice laps, or until the participant felt comfortable with the demands of the task. Similarly, participants were able to practise the four IVIS tasks prior to starting the IVIS trials. Each practice session included five example tasks for participants to complete. During the experimental conditions participants were required to complete 14 LCt trials lasting 45 minutes in total. Five of these trials were completed without the presence of a secondary task and without the influence of alcohol. These trials served to act as a baseline measure of driving performance. In the IVIS conditions participants were required to complete four LCt trials, one for each of the four IVIS tasks. the order of IVIS trials was counterbalanced across subjects.
In the alcohol condition participants were given ten minutes' drinking time in which to consume the intoxicant, followed by a brief waiting period (40 minutes from finishing the drink). The justifications for such a waiting period are that the effects of alcohol take around 20-65 minutes to reach their peak and it may take this long for any residual alcohol on the breath to disperse. Participants were breathalysed again prior to beginning the LCt section of the experiment to ensure that they were at, or over, the legal limit. Participants were then required to perform a further five three-minute LCt trials lasting a total of 15 minutes. Instructions were provided to participants as to how to complete the LCt trials. Participants were required to remain in the facility for some time after completion of the alcohol condition LCt trials to allow the BaC to return to a normal level.
the experimental design was partially compromised in that, while the order of IVIS tasks was counterbalanced, all subjects undertook the alcohol condition last. this introduced a possible practice effect but was necessitated by the impracticality of restoring subjects to a sober state (without residual impairment) following the alcohol condition. Furthermore, the uncontrolled effect would presumably have acted to enhance performance in the alcohol condition rather than improve it in the IVIS condition, thus providing a less challenging test.
two performance measures were calculated for each condition of the study, the participants' mean deviation from the LCt normative model and the mean total task time (ttt) for the four IVIS tasks. these two global measures indicate participant response to the demands of the two concurrent tasks.
Results
a one-way, repeated measures aNOVa was calculated for mean deviation from the normative model on the LCt across the six conditions (Baseline, PDa POI, PDa address, shares short, shares long and alcohol). There was a significant main effect by condition for mean deviation from the normative model [F (5, 15) = 14.421, P<0.05] . a tukey post hoc comparison of the six treatment conditions was conducted. There was a number of significant comparisons (baseline and shares short, baseline and shares long, baseline and PDa POI, baseline and PDa address, alcohol and shares short, alcohol and shares long, and alcohol and PDa address, P< 0.05). Figure 15 .6 shows the mean deviation from the normative model by LCt treatment condition. It shows that there was only a marginal (non-significant) difference between baseline performance of the LCT and performance of the LCT under the influence of alcohol. This was supported by the post hoc comparison.
Comparison of the four IVIS conditions revealed no significant difference in the mean deviation from the normative model for LCt driving between any of the tasks. there was, however, an increase in mean total task time in dual task conditions (see Figure 15 .7). a paired samples t-test revealed a significant difference in the mean total task time when performed alone and under dual task conditions, t (3) = -4.129, P< 0.05. this indicates that the mean total task time was significantly higher in the LCT condition (M = 24.566) than when performed alone (M = 12.711). Comparison of the four IVIS conditions revealed a significant increase in mean total task time (TTT) in dual task conditions. There was, however, no significant difference in the mean deviation from the normative model for LCt driving between any of the tasks. a paired samples t-test revealed a significant difference in the mean total task time when performed alone and under dual task conditions, t (3) = -4.129, P< 0.05. this indicates that the mean total task time was significantly higher in the dual-task condition (M = 24.566) than when performed alone (M = 12.711). this suggests that, despite poorer performance in general, participants can maintain a consistent level of performance across the four IVIS tasks (evidenced by no significant difference in LCt performance). table 15.3 is a comparison of the ttt obtained in this trial to those obtained by Horberry et al. (2007) . as might be expected, it shows that the tasks take longer to complete while performing the LCt than predicted by the key stroke analysis (single task conditions). However, it also shows that tasks take longer to complete than observed using the occlusion technique, where there is task interruption consistent with dual task operation but no active secondary task. this would suggest that the LCT places a greater demand on the participant, reflecting a higher cost of concurrent task performance and does so more accurately than either the KLM and occlusion techniques would predict.
Discussion
Previous research has established the negative effects on driving performance of mobile phone usage and this risk has been quantified by benchmarking the effects to the impairment caused by alcohol at the UK legal driving limit (BaC 0.08 per cent). the aim of the current study was to extend the benchmarking approach to in-vehicle information systems. Such an approach, if successful, would allow comparative judgements to be made that would enable discrimination between tasks based on the level of driving impairment they cause. Drivers' performance of the lane change task, both alone and under the influence of alcohol, was significantly better than performance of the LCT with an IVIS task. The best performance of the LCt task was observed in the baseline (LCt alone) condition. LCt performance under the influence of alcohol was slightly worse than baseline performance, but did not reach significance. the key elements of the LCt are lateral control and event detection. In the driving task there may be some leeway in terms of lateral control. Event detection, however, is a critically important task for safe driving.
The comparison of the four IVIS tasks revealed no significant differences in mean deviation from the normative model. this suggests that, despite poorer performance, participants could maintain a consistent level of performance across the four IVIS tasks (evidenced by no significant difference in LCT performance). There is, however, a significant increase in mean total task time (TTT) in dual task conditions, which would suggest that participants are prioritising LCt performance, over completion of the secondary IVIS tasks (no instructions regarding which task to prioritise were provided during the experiment). the largest differences were observed in the PDa address entry and shares long conditions. the same is true of the shares long task as it is the most visually demanding task; again, it is reasonable to suggest that this task would compete for resources with the visual elements of the LCt (event detection), as illustrated by poorer performance in dualtask conditions. there is, however, no difference in LCt performance between this and the less demanding shares short task. Expert analysis (Pettitt et al. 2005) did not identify any operational differences between the two share price tasks; however, there will be a difference in the visual search strategies required on the part of the participant as there is an increase in visual workload due to there being three scrolling lists rather than one. this is exacerbated by the fact that these tasks are not interruptible, but are system paced -and if participants miss the target they have to wait for it to scroll round. these elements would seem the most likely causes of the increases in ttt for the shares long task illustrated in table 15.3.
One of the aims of this research was to establish a performance value for the LCt beyond which performance should be considered unacceptable. There was, however, no significant difference between baseline performance of the LCT and performance under the influence of alcohol. There are a number of possible reasons for this.
Firstly, the dosing procedure may not have produced the required blood alcohol level in all participants as the complex interaction of moderating factors makes it difficult to achieve the desired 80g per 100 ml rate in every participant. Ideally a participant's blood alcohol concentration would not be directly calculated from the adjusted Widmark factor, as this can be inaccurate (Brouwer 2004) . Experimenters should initially calculate intoxication using the Widmark formula and then adjust the amount of alcohol over repeated sessions, plotting intoxication-elimination curves for each participant in order to ensure that a precise dosage is given at the time of the experiment.
Secondly, there was a limit to the accuracy of BaC measurement in this study due to the limitations placed on resources. these limitations did not allow for the repeated intoxication of participants and therefore there is an element of unreliability in the BaC measurement. thirdly, the quasi-experimental nature of the design may have introduced a confound. as participants always completed the alcohol condition last, combined with the fact that participants were novice users of the LCt, there may have been a practice effect introduced in the alcohol condition; that is, participants were better at the LCt by the time they completed the intoxicated trials. therefore, it must be accepted that the mean deviation from the normative model may be lower than its true value due to artefacts introduced by the procedure.
Finally, the LCt mimics only two aspects of the driving task (event detection and lateral control). Speed is held constant by the software and so the driver does not have to manage longitudinal control. It is now well established that alcohol, at low volumes, does not impair all driving related tasks equally. For example, at low levels (up to BaC 0.02 per cent) divided attention tasks are affected (Starmer 1989 , Moskowitz et al. 1985 . However, visual perception, reaction time and steering tasks may not be affected until BaC is above 0.05 per cent (Starmer 1989 , Howat et al. 1991 , Hindmarch et al. 1992 . It is possible that the limited task demand created by the LCt on its own is insufficient for an impairment effect to be shown at the level of intoxication achieved.
Criticism of alcohol trials
there are a number of important caveats that must be considered when benchmarking IVIS performance to alcohol impairment. Although the impairments caused by IVIS can be as significant as those associated with driving while legally intoxicated, the mechanisms that underlie these phenomena are fundamentally different. Driving while using an IVIS is a measure of a driver's ability to accommodate two tasks (divided attention) whereas alcohol acts as a central nervous system depressant. alcohol directly and continuously impairs a driver's cognitive functioning over the period of intoxication; concurrent phone use may momentarily generate higher levels of task demand, but it does not generally impair driving behaviour and performance continuously.
Using the benchmarking technique it will not be possible to assess all the effects on safety in driving from the distraction caused by IVIS, as it is necessary to consider a participant's exposure to distraction. Whereas alcohol intoxication imposes a continual risk, distraction imposes only momentary risk. redelemeir and tibshirani (1997a, 1997b) concluded that cumulative risks associated with alcohol intoxication are much greater than those associated with using a mobile phone. The most significant factor in this difference is the relatively short duration of most mobile phone calls compared with the number of hours in which alcohol stays in the bloodstream (Carsten and Brookhuis 2005) . When engaging in an IVIS task, drivers can disengage from the task as workload increases. this is illustrated in this study through increased total task times in the four IVIS conditions despite no differences in LCt performance. If participants were constantly engaged in these tasks it could be expected that there may be differences in mean deviation from the normative model across the four tasks as they are designed to differ in terms of difficulty. In contrast, alcohol-intoxicated drivers cannot disengage from being impaired in situations of increased workload. alcohol-intoxicated drivers may also consume amounts that result in blood alcohol concentrations far exceeding the legal driving limit. Pettitt et al. (2005, p. 11 ) define distraction as a "delay by the driver in the recognition of information necessary to safely maintain the lateral and longitudinal control of the vehicle (the driving task) (impact), due to some event, activity, object or person, within or outside the vehicle (agent), that compels or tends to induce the driver's shifting attention away from the fundamental driving tasks (mechanism), by compromising the driver's auditory, biomechanical, cognitive or visual faculties, or combinations thereof (type)". Considering this definition in terms of alcohol intoxication, the impact of alcohol (agent) on driving performance is primarily poorer lateral and longitudinal control of the vehicle (other impacts associated with alcohol include increased speed variability (Gawron and ranney 1988) , increased reaction times (Zwahlen 1976 ) and increased brake reaction time and body sway (Liguori and robinson 2001) ). this is due to the consumption of alcohol, and the driver's subsequent intoxication through the metabolism of alcohol (mechanism). By compromising the biomechanical and cognitive abilities of the driver (type) performance is reduced. In contrast, in terms of IVIS use, the impact of IVIS (agent) on driving performance is primarily poorer lateral and longitudinal control of the vehicle (other impacts associated with IVIS use include variability in speed (Chiang et al. 2001) , reduction in the useful field of view (Ward et al. 1995) , slower driving with greater variation in accelerator position and speed (rakauskas et al. 2004 ) and increase in brake response times (Hancock et al. 2003) . this occurs through the division of attention (mechanism) by compromising the physical capabilities and visual performance of the driver (type). Discussing the two phenomena in these terms suggests strong similarities even though the mechanisms and agents by which these impacts occur are different.
Despite the criticism of alcohol trials, the comparison between alcohol-impaired driving performance and the impairment due to secondary [IVIS] tasks will continue to attract researchers' interest. this is because clear social norms, legal limits to blood alcohol content for drivers and the established impact of alcohol on driving-related psychomotor skills can be used as a frame of reference for comparison of the distraction potentially caused by IVIS and other devices. any activity, including the introduction of IVIS, that causes a change in safety-related driving behaviour equal to or greater than that induced by alcohol intoxication, should be of concern to society.
Conclusion
Driving while intoxicated is a clearly established hazardous activity. the results of this study have demonstrated that the performance of tasks central to the functioning of in-vehicle information systems impair drivers significantly more than alcohol intoxication at the UK drink driving limit. If it is accepted that performance at this limit is unacceptable then it must be concluded that the completion of some IVIS tasks while driving is also unacceptable and it is clear that further research is needed to quantify the demand of different IVIS tasks to determine what tasks are safe to execute while the vehicle is in motion and what tasks are not.
